N ew-onset atrial fibrillation (AF) after coronary artery bypass graft surgery (CABG) is associated with poorer long-term survival 1,2 and increased morbidity. 3, 4 Because greater age is associated with higher risk of new-onset post-CABG AF, 5 the trend toward increasing age and risk profiles in the population of patients undergoing CABG 6 makes understanding this common complication of cardiac surgery a high priority, so that effective means of prevention and management can be identified and developed. Because women undergoing CABG are typically older and have higher risk profiles than their male counterparts, 7-11 such research may be particularly important to improving outcomes for women, even though some studies suggest that women have lower risk-adjusted odds of developing post-CABG AF. 12 One study investigating the impact of post-CABG AF on long-term survival found that it affected women more significantly; 1 another identified it as an independent risk factor for in-hospital mortality. 13 Although previous studies have looked at the incidence of post-CABG AF in men and women-with some showing it to occur more frequently in women (although not to a statistically significant degree) 14, 15 and others showing similar rates 16 or even lower risk for women 5,12,17,18 -it is not known how patterns of type, timing, duration, or frequency compare between men and women. We collected detailed data on post-CABG AF events (detected via continuous in-hospital ECG/telemetry monitoring) that occurred in patients who underwent isolated CABG surgery at 4 large academic medical centers and 1 high-volume specialty cardiac hospital in the United States during a period of 9 years. Here, we describe and compare the Background-New-onset atrial fibrillation (AF) after coronary artery bypass graft surgery (CABG) is associated with increased morbidity and poorer long-term survival. Although many studies show differences in outcome in women versus men after CABG, little is known about the sex-specific incidence and characteristics of post-CABG AF.
epidemiology of post-CABG AF and its characteristics in men versus women, based on these data.
Methods

Study Setting and Design
This large, multicenter observational study included 11 236 consecutive patients (8214 men; 3022 women) without a history of AF who underwent isolated CABG between January 1, 2002, and December 31, 2010, at Baylor University Medical Center (Dallas, TX), The Heart Hospital at Baylor Plano (Plano, TX), Emory University (Atlanta, GA), University of Virginia (Charlottesville, VA), or Washington University (St Louis, MO). Patients were excluded if they had previous AF, previous valve surgery, preoperative endocarditis, or a ventricular assist device.
The study was approved by the institutional review boards of all centers.
Study Data
Data on patient and operative characteristics ( Table 1) routinely collected for the Society of Thoracic Surgeons (STS) database were augmented with detailed data on AF events detected via continuous in-hospital ECG/telemetry monitoring.
Exposure and Outcomes of Interest
The exposure of interest was patient's sex.
The primary outcome measures were (1) the adjusted incidence of new-onset in-hospital post-CABG AF, defined as any episode detected via continuous in-hospital ECG/telemetry monitoring and documented by a physician in the chart, regardless of duration or need for treatment and (2) adjusted time (in hours) from end of CABG surgery to first episode of AF.
Secondary outcomes included duration (in hours) of the first AF episode, duration (in hours) of the longest AF episode, total time (in hours) spent in AF during hospitalization, and total
WHAT IS KNOWN
• New-onset AF after CABG is associated with poorer long-term survival and increased morbidity. • There is limited population-based data available on the sex-specific incidence and characteristics (timing, duration, and frequency) of post-CABG AF episodes.
WHAT THE STUDY ADDS
• This study provides novel sex-specific data on the timing, duration, and frequency of new-onset post-CABG AF (defined as any episode detected via continuous in-hospital ECG/telemetry monitoring and documented by a physician, regardless of duration or need for treatment) from a large population-based multicenter cohort of >11 000 isolated CABG patients and compares these between women and men. • It shows that, after adjustment for Society of Thoracic Surgeons-recognized risk factors, women had significantly lower risk for post-CABG AF and shorter durations of first and longest AF episodes and total time in AF. • Further research is needed to investigate the sexspecific impacts of post-CABG AF on outcomes to identify optimal strategies for prevention and management to ensure all patients achieve the best possible outcomes. *Two Baylor sites participated in the study: one academic medical center and one high-volume specialty cardiac hospital.
†Mean±SD. IABP indicates intra-aortic balloon pump; and PCI, percutaneous coronary intervention.
number of post-CABG AF episodes experienced during hospitalization. Operative deaths (applying the STS definition 19 : death during CABG or any in-hospital death during a continuous post-CABG stay or any death within 30 days of post-CABG discharge), stroke, and discharge in unresolved AF were also assessed.
Statistical Analysis
To assess the association between sex and new-onset post-CABG AF, we used a propensity-adjusted generalized estimating equations model approach, [20] [21] [22] whereas a propensity-adjusted generalized estimating equation-like marginal approach using robust sandwich estimates on a Cox proportional hazards model was used to assess the association between sex and time to first AF. 20, 22 The propensity adjustment accounted for risk factors recognized by the STS 19 (Table 1) ; these were modeled as independent variables into a multivariable logistic regression model with sex as the outcome. All continuous variables in the propensity model were fitted using restricted cubic splines with 5 knots. 20, 23 Likewise, a restricted cubic spline function with 5 knots was used to fit the propensity score as an independent variable in:
( Time to first AF, duration of first AF, duration of longest AF, and total AF duration were calculated for the 3312 subjects with ≥1 AF episode; number of AF episodes was calculated for all 11 236 study subjects and for the subgroup of 3312 patients who experienced ≥1 AF episode. AF indicates atrial fibrillation.
*Percent (95% CI). †80th percentile AF-free probability (90th, 75th). ‡95% CI. §IQR.
with categorization of continuous variables, time of surgery was also modeled as a continuous covariate with a 5-knot restricted cubic spline; 20, 23 (2) a Cox proportional hazards model using robust sandwich estimates with time to new-onset post-CABG AF as the dependent variable and the same covariates and covariate structures listed in bullet (1) . Additionally, both models were tested to assess sex differences between sites using the appropriate interaction terms; no interactions among sites were found (models' P>0.95). Multiple imputation of all covariates used in the propensity model was done by Markov Chain Monte Carlo simulation, 24, 25 to account for missing data (ejection fraction: 7.3% missing and left main disease: 0.4% missing).
The same model framework with the appropriate link function was used to assess adjusted sex differences for the other outcomes of interest. Likewise, models were tested for sex differences and site interaction; no interactions among sites were found (all models' P>0. 5) .
Estimates from all models were used to compute adjusted odds ratios, hazard ratios, mean differences, median differences, confidence intervals (CIs), and adjusted plots and curves. Model findings were also summarized to describe adjusted sex-specific time to reach 20% AF incidence and probability of remaining AF free for the first 48 hours post CABG.
Results
The overall unadjusted incidence of post-CABG AF was 29.5% (3312/11 236); in men, it was 30.2% (2485/8214), and in women, it was 27.4% (827/3022). Table 1 shows the clinical and demographic characteristics of the study population by sex.
The adjusted new-onset AF-related patient outcomes by year and sex are presented in Table 2 . Adjusted differences in AF characteristics between women and men are presented in Table 3, whereas Table 4 summarizes differences between the sexes for other adverse outcomes considered, overall and stratified by new-onset post-CABG AF status. Figure 1 shows the risk-adjusted predicted probability of new-onset post-CABG AF for men and women over time, as well as the risk-adjusted odds ratios (and 95% CIs) for men versus women developing new-onset post-CABG AF in each year. New-onset post-CABG AF significantly decreased from 2002 to 2010 overall (P=0.007) and in both men and women and was lower in women in all years. During the whole study period, women's risk-adjusted odds of developing post-CABG AF were significantly lower than men's (odds ratio [95% CI] for women versus men=0.75 [0.64-0.89]).
The adjusted mean (95% CI) number of episodes were similar in men (all men: 0.9 [0.8-1.0]; men with ≥1 episode: 2.9 [2.6-3.1]) and women (all women: 0.8 [0.6-0.9]; women with ≥1 episode: 3.1 [2.7-3.6]).
Overall, on average, during their hospital stay, men had a statistically significantly greater risk for developing new-onset post-CABG AF than women (hazard ratio [95% CI] for men versus women=1.16 [1.06-1.28]; Figure 2 ). Results were similar over the years (Figure 2) . Adjusted time to reach 20% post-CABG AF incidence was 26 hours in women and 15 hours in men (Table 2) , whereas at 48 hours, women had a 77% probability of being AF free compared with 72% for men (P<0.001; Table 2 ).
Among those who experienced ≥1 episode of AF, the adjusted mean (95% CI) duration of the first episode was significantly shorter in women (6.3 [4.4-7.9] hours) than in men (9.0 [8.1-10.1] hours; difference [95% CI]: −3.1 [−5.1 to −1.2] hours). Likewise, in these patients, the adjusted mean (95% CI) duration of the longest AF episode was significantly shorter in women (9 [7] [8] [9] [10] [11] [12] hours) than in men (14 [13] [14] [15] hours; difference [95% CI]: −4.6 [−7.3 to −2.0] hours). Adjusted median (95% CI) total time in AF was significantly lower in women 
P<0.0001
Time to first AF, duration of first AF, duration of longest AF, and total AF duration were calculated for the 3312 subjects with ≥1 AF episode; number of AF episodes was calculated for all 11 236 study subjects and for the subgroup of 3312 patients who experienced ≥1 AF episode. AF indicates atrial fibrillation; CABG, coronary artery bypass graft; and CI, confidence interval.
*Adjusted analyses used a propensity-adjusted model controlling for recognized STS risk factors (Table 1) in generalized estimating equations models by study site, with an interaction term between sex and month of surgery to allow mean differences to vary over time.
†Mean and (95% CIs). ‡Median (95% CIs).
(19 [18] [19] [20] [21] hours) than in men (22 [20] [21] [22] [23] [24] 
Discussion
Ours is the first large (>11 200 patients), multicenter study to assess both the incidence and characteristics of new-onset AF after isolated CABG and to compare these in women versus men. Using detailed clinical data for patients who underwent CABG during a period of 9 years and including data for all episodes of AF detected via continuous in-hospital ECG/telemetry monitoring to provide an enhanced, comprehensive picture of new-onset AF after isolated CABG, our results reveal important differences between the sexes. The novel sex-specific data presented here show that after robust risk adjustment to account for patients' clinical and nonclinical risk factors, women undergoing isolated CABG are not only less likely to develop new-onset post-CABG AF than their male counterparts but, among those who do suffer this common complication, they experience shorter first and longest episodes of AF, and spend shorter total amounts of time in AF during the hospital stay.
To our knowledge, this is the first study not only to describe the sex-specific characteristics of post-CABG AF but also to examine all of these (timing, duration, and frequency) and incidence simultaneously, giving a complete picture of both the risk for and clinical course of post-CABG AF in women and men.
Our finding of a lower adjusted incidence of post-CABG AF in women is consistent with the results reported from a relatively large study investigating patients who underwent CABG from 1995 to 2009. 12 Although that study used a slightly different AF definition (episodes of any duration during the hospitalization for the index surgery deemed to be clinically significant by the treating physician) from ours, the propensity-matched odds ratio reported for women versus men of 0.76 (95% CI: 0.65-0.90) 12 was similar to our risk-adjusted result of 0.75 (95% CI: 0.64-0.89). These results are also consistent with previous studies that have identified male sex as an independent risk factor for post-CABG AF. 17, 26, 27 Although other studies comparing incidence of post-CABG AF between men and women report finding no significant differences, they examined only unadjusted incidence. [14] [15] [16] With respect to the significantly shorter duration of AF episodes we observed in women versus men, we found no previous studies with which to compare our results. Although 2 small studies have previously reported on the duration of post-CABG episodes, 28, 29 neither reported sex-specific results. Furthermore, they applied different definitions of AF and patient inclusion/ exclusion criteria, limiting the value of comparisons to our findings. We similarly found no previous studies comparing frequency or timing of onset of the first episode of AF between men and women. However, the adjusted mean of 52 hours for men and 54 hours for women we observed for time from CABG to first AF episode among patients who developed AF (Table 2) is consistent with previous observations that post-CABG AF onset tends to peak on days 2 to 3 post surgery. 18, 30 As described elsewhere (article currently under review), the characteristics (including the STS-recognized risk factors) of our study cohort are similar to those reported for isolated CABG patients from 2000 to 2009 in the national STS adult cardiac surgery database. 31 Given that >95% of the US cardiac surgery programs contribute to the database, this indicates that our results are likely generalizable to the broader population of US CABG patients. The significantly greater age and higher prevalence of comorbidities such as diabetes mellitus, hypertension, and congestive heart failure among the women in our cohort is also typical of the population of CABG patients; 9,10,32,33 and the borderline statistically significant higher risk-adjusted operative mortality we observed among the women in our study cohort is consistent with the results reported by several previous studies. 12, [34] [35] [36] [37] [38] As with any observational study, we cannot rule out the possibility that unknown factors that confound the association between exposure (sex) and outcome (post-CABG AF) exist. However, the propensity-adjusted generalized estimating equations model approach developed to conduct the statistical analysis considered an extensive list of risk factors recognized by the STS in addition to other important variables, providing a rigorous adjustment for potential confounders.
Future research should investigate how the differences in incidence and duration of post-CABG AF observed here between women and men play out in terms of long-term outcomes. Although it is well established that post-CABG AF is associated with poorer long-term survival, 1,2,39 it is not yet known whether the magnitude of this association is consistent across sex. It is also not known how the characteristics of post-CABG AF affect long-term survival-nor whether such affects (including their magnitudes) are similar across sex. Given the inconsistencies in the existing evidence about whether (and why) women experience worse, equivalent, or better long-term outcomes after CABG, [40] [41] [42] [43] [44] this is a fertile area for research.
Our results showing significant differences in both the riskadjusted incidence and duration of AF events between women and men provide important groundwork for future investigations of the sex-specific impacts on survival and of the sex-specific effectiveness of strategies for preventing and managing post-CABG AF. Teasing out differences in the impact of postoperative complications and their management on long-term outcomes between men and women could identify opportunities to improve care for both sexes-and help address the current dearth of information on the effectiveness of treatments for cardiovascular disease specifically in women, 45, 46 something which has been called for to achieve health equity. 47 
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